This decadal perspective summarizes novel, insightful observations achieved in exercise science. The topics span genomics and gene function, epigenetics, cell signaling, epidemiological phenomena, and other important areas. A future strategy is presented along two parallel, integrated paths involving the following: 1) a continuance of genomic discovery and gene function, and 2) classical biochemical/physiological approaches toward solving biological-and health/disease-related phenomena.
INTRODUCTION
In 2000, a perspective was provided concerning the evolution of the ''exercise sciences'' in the 21st century (4) . The article covered a wide range of topics such as the following: 1) emerging technologies and research initiatives, 2) new fields of research, 3) future funding trends and research priorities, 4) future challenges in exercise researchV the building of a solid foundation, and 5) where the exercise sciences fit in health care.
Well, here we are 10 yr later, and the current authors have been charged with the assignment of taking the pulse concerning the scope of progress that has been made in the exercise field in the last 10 yr along with projecting what impact such accomplishments bode for the future. Although the goal of this perspective will be essentially the same as before, we will take a slightly different tactic in formulating such a view. Rather than providing only our personal opinion, several experts in the field were contacted to provide their own insights. The responses received were quite insightful, and there was a large degree of agreement in their respective viewpoints.
In the present article, the goal is to examine to what degree progress has been made on several fronts in the exercise field. Based on the dialogue presented below, it is not surprising that considerable advancements have occurred in skeletal muscle, given the fact that it is the organ system of exercise/movement. Then, we will posture how the exercise field should evolve. Hopefully, such an approach will provide a reflection of what the science community has accomplished and how we can extend the knowledge base down the road. Furthermore, we apologize in advance for not providing more depth and breadth in covering topics beyond those highlighted in this perspective (see next section).
SELECTED HIGHLIGHTS AND NOVEL DISCOVERIES IN THE LAST 10 YR
Before going into the details, it is important to point out some general background information. A PubMed search with the word exercise retrieved approximately 82,826 peerreviewed articles published in the past 10 yr. There were approximately 3836 papers linked to genetics, 45 to proteomics, 155 to genomics, 22 to epigenetics, and 326 to signaling pathways. For additional links to the exercise theme, the term obesity retrieved 7357 articles; diabetes, 6312; longevity, 254; muscle, 18,562; bone, 4038; metabolism, 24,033; nervous system, 4505; hormones, 6954; brain function, 2644; circulation, 3426; immune system, 1281; respiratory, 5734; and hematology, 126. These data suggest a wide range of subject matter linked to the exercise sciences and illustrate a vast group of investigators focusing on these important topics. Unfortunately, the authors cannot cover all these mentioned themes, given the strict space constraints for this brief perspective.
Achievements in Gene Function and Regulation

Genomics, genetic factors, and exercise
The Human Genome Project was completed in 2003. No doubt, this milestone helped pave the way for genomic research exploring how genetic factors impact the responses and adaptations of health-related traits to exercise stimuli. Furthermore, studies have identified polymorphism in more than 239 genes and quantitative trait loci (QTL) and associated certain genotypes with cardiovascular responses, fitness phenotypes, and muscle strength and power adaptations (8) . For example, there is a strong association between R577X genotype of the alpha actinin 3 gene (ACTN3) and performance in a variety of athletic endeavors. The R allele has been found to be associated with power-oriented performance, whereas the XX genotype may be linked with endurance ability (49) . However, the collective data point to the fact that, although some genotypes may be associated with certain phenotypes, the overall physiological significance is multifactorial, and the result of interactions between the genome, the epigenome, and the environment widely vary on an individual basis. Thus, this evolving field has generated a wide diversity of viewpoints as to how the field will evolve as pointed out by the excellent perspective provided by Stephen Roth, Ph.D., FACSM (42) . He predicts that genomic studies will continue to enhance our understanding of the underlying biology of exercise responses. Genomic information can be useful for prescribing individualized exercise regimen especially when treating susceptible patients. No doubt, exercise genomics, applied in public health care, will be a hot area in the next decade.
Gene knockouts
In the last 10 yr, the molecular manipulation of gene function, designed almost exclusively for the mouse, has exploded with a large number of the articles recently published in the last 2 yr. The primary approach has been to null out a target gene and address the likely physiological and biochemical outcomes (phenotype) in the context of either acute or chronic exercise performance. The genes that have been studied span a broad scope, as illustrated by the following genes examined: triacylglycerol lipase, insulin-like growth factor-1 (IGF-1), peroxisome proliferator-activated receptor gamma coactivator-1Yalpha (PGC1-alpha), adenosine monophosphate (AMP) related kinases, desmin, vascular endothelial growth factor (VEGF), tumor protein P53, carnitine functional interruption, muscular dystrophy (MDX), alpha 1 AMP kinase, uncoupling protein-3 (UCP3), LOV keltch protein (LKP) kinase, thrombospondin-1 (TSP-1), myoglobin, myostatin, adenine nucleotide translocator, and hypoxia inducible factor-1 alpha to name a few.
To illustrate the power of this research approach, the function of TSP-1 will be illustrated as reported by Malek and Olfert (28) . This gene is a negative modulator of angiogenesis in several tissue types. Animals with this gene knocked out have greater muscle capillarity and a corresponding greater running endurance capacity than the wildtype animals. This study thus provides a unique insight that the capillary-to-muscle interface is a critical factor that limits exercise capacity. Importantly, this article points out that the negative consequences of the loss of TSP-1 also must be considered because there are checks and balances to maintain optimal levels of physiological processes whether it is blood supply regulation or cell growth. In the context of the recent review article by Booth and Laye (7), this study would have been more complete if the animals also were studied under increased daily physical activity. Gene function may differ between inactive animals and those with high levels of daily physical activity (7) . For example, with certain gene knockouts, animals fail to show the disease phenotype when the animals have access to voluntary wheel running (7) . Thus, for a full spectrum of gene function, knockout animals should be compared with wild type not only at rest but also under chronic exposure to physical activity and in response to an acute exercise stress stimulus (7).
RNA interference
RNA interference (RNAi) is the process of sequence-specific posttranscriptional gene silencing, initiated by double-stranded RNA that is identical in sequence to the target gene. The discovery that synthetic duplexes of 21 nucleotides (siRNAs) trigger gene-specific silencing in mammalian cells has made them a useful tool to study gene function in mammalian systems (16, 26) . SiRNA technology involves the use of small interfering RNA fragments that can be delivered into cells either directly or via a plasmid vector delivery system. Once within the cell, siRNAs trigger the degradation of their cognate messenger RNA (mRNA), thereby reducing the substrate for translation. Thus, the target gene becomes significantly ''knocked down,'' thereby reducing the effectiveness of the target gene's regulation of physiological processes. This technology is theoretically simpler and more cost effective than genetically producing the ''knockout'' approach and is particularly useful in studying the function of genes that are lethal upon complete knockout. Another advantage of siRNA usage is that because the target protein is not completely eliminated, the knockdown perturbations are less likely to induce compensatory plasticity processes observed with complete knockouts. Consequently, in the future, siRNA is predicted to be used in a broad range of experiments targeting the rat because of its long-standing use as an important animal model in the exercise field.
Epigenetics and gene regulation
Epigenetics is a new and rapidly growing research field that investigates heritable alterations in chromosome function/ gene expression caused by mechanisms other than changes in DNA sequence. Epigenetic mechanisms are diverse but can be classified into three interacting areas involving the following: modulation of the chromatin/histone structure (methylation, acetylation, and phosphorylation), DNA methylation, and noncoding RNA such as microRNA and antisense RNA (reviewed in (30) ). Recent studies have shown that epigenetic modulations also can be dynamically and rapidly occurring in response to environmental changes to alter gene expression. For example, our group, in carrying out recent studies on the plasticity of the myosin heavy chain (MHC) gene family in response to altered loading state, has discovered two types of epigenetic phenomena. The first involves the expression of antisense RNA in the fast MHC gene locus in which the MHC genes are organized in tandem on the same chromosome. These antisense RNAs allow adjacent genes to cross talk as well as to coordinate regulation of neighboring MHC genes (35, 41) . Second, we have discovered that repression of slow MHC and activation of fast MHCs (and vice versa) in a given muscle involve altered patterns of acetylation and methylation of the histones that regulate expression of MHCs, that is, slow to fast and fast to slow depending on the loading conditions (36) .
Recently, epigenetic regulation was linked to rat behavior in response to exercise. It was shown that exercise causes epigenetic changes that lead to enhanced memory formation and better coping in response to stress. Significant increases in histone H3 phosphoacetylation and induction of the cFos gene were found in the brain of exercised rats (11) . Another epigenetic inducer is diet. For example, recently, a high-fat diet was shown to increase methylation of the leptin gene, thus reducing its expression in obese people (31) . These findings raise the possibility that many of the adaptations that occur in muscle and in other organ systems in response to diet, exercise, chronic inactivity, aging, and many disease interventions could be regulated, in part, via epigenetic phenomena. These observations lead to an important topic for future investigation, which suggests the possibility that the beneficial effects of exercise is occurring via epigenetic reprogramming of gene expression. The notion that environmentally induced epigenetic traits have an impact on future generations has important ramifications for future research involving diet and exercise. For example, can diet and exercise induce specific epigenetic modulations that serve as a countermeasure for many disorders, which helps in overcoming our genetic weakness and predisposition to certain diseases (7)?
Micro-RNA
Micro-RNAs (miRNA) are small noncoding RNAs that regulate gene expression at the posttranscriptional level (44) . These highly conserved È21-mer RNAs regulate the expression of genes by binding to the 3'-untranslated regions (3'-UTR) of specific mRNA. Each individual miRNA could act posttranscriptionally to target hundreds of mRNAs for translational repression, degradation, or destabilization. They are involved in many aspects of cell function and play a significant role in disease development. Research suggests that miRNAs are major regulators of gene expression and thus are part of the adaptive response (10). Computational analyses continue to identify gene targets for cellular miRNA; however, these targets must be validated with microarray data. MiRNAs together with transcription factors generate a complex combinatorial code regulating gene expression. There is speculation that, in higher eukaryotes, the role of miRNAs in regulating gene expression could be as important as that of transcription factors. Thus, identifying and targeting miRNA-transcription factor gene networks may provide a potent approach in future research in exercise science as applied to therapy and disease prevention.
Genetic selection and maximal exercise performance
The relative contribution of genetic and environmental influences in terms of individual exercise capacity is difficult to determine in humans. In recent studies using selfselected rodents after many generations (7 vs 15), it was possible to delineate key factors for determining maximal oxygen consumption rate (MOCR) in inherent high capacity runners (HCR) versus low capacity runners (LCR) independent of training stimuli. In generation 7 animals, MOCR was primarily differentiated between the two groups by the ability of the muscle system to extract and diffuse oxygen rather than the capacity to deliver oxygen. In generation 15, the opposite was apparent in that the HCR again had greater MOCR than LCR, but the difference in this generation was due to greater oxygen delivery rather than greater oxygen extraction. In both generations, the HCR group had greater oxygen diffusion capacity. According to P.D. Wagner and associates (21), these unique studies are important in that they now allow researchers to dissect each step in the transport chain while also eliminating the environmental factors' contribution to these physiological phenomena.
Cell Signaling: Regulatory Molecules Impacting Metabolism and Muscle Mass
Muscle metabolism
One of the long-standing questions in all fields of biomedical science involves filling in the gap between the stimulus and response to a given perturbation, for example, exercise (aerobic and/or resistance loading). In the last decade, major strides have occurred in filling in such gaps, and this is illustrated by a couple of examples, although there are numerous signaling pathways that control physiological and immune homeostasis. In the metabolic fields relative to exercise, the signaling pathway centered on adenosine monophosphate kinase (AMPK) has shown that by activation of this so-called fuel gauge or metabolic regulator (pharmacological and contraction-induced activation), a number of outcomes occur in association with AMPK activation (47) . These include increases in glucose disposal; fatty acid oxidation; activating transcriptional regulators of mitochondrial biogenesis; and mediating actions of hormones such as leptin, adiponectin, and glucocorticoids. Interestingly, AMPK also serves as a negative modulator of anabolic processes (glycogen, fatty acid, and protein synthesis). Thus, AMPK is a powerful regulatory molecule, and in the future, it will likely be the target of various pharmacological interventions for treating various disorders centered on diabetes and obesity. In this context, we have witnessed the controversy of using pharmacological manipulation of AMPK function and its downstream targets (PPAR-delta and PGC1-alpha) as presented in the findings of Narker et al. on the improvement of exercise performance via an exercise ''pill'' (34) . This article has created several counter viewpoints as to the physiological impact and merit of such an approach as reviewed in the excellent article by Booth and Laye (7).
Mitochondrial biogenesis
Forty-two years ago, Holloszy (18) made a seminal discovery that programmed running exercise carried out over several weeks induces a doubling of the mitochondria in the leg muscles of rodents not normally accustomed to physical activity. Since that time, hundreds of studies have focused on this important phenomenon, which serves as one of the key linchpins that define the field of muscle plasticity. Fast forward to this decade, several studies as reviewed by Holloszy (19) and Hood (20) provide the mechanism(s) driving this important discovery. For example, studies have shown that a single bout of exercise induces a rapid increase in mitochondrial biogenesis that is mediated by PGC1-alpha and other factors, which induce transcription of both nuclear and mitochondrial genes that combine to encode the protein comprising the mitochondria (3, 25) . This important discovery has rejuvenated the science community such that mitochondrial research in health, disease, and aging will be a major focus in the next decade. In fact, a new field of science referred to as ''mitochondrial medicine'' has emerged.
Muscle mass
Another important discovery/advancement of similar importance involves the IGF-1 protein kinase B/AKT-mTOR (mammalian target of rapamycin) signaling pathway, which has been linked to anabolic processes, particularly in skeletal muscle in response to exercise (6) . This pathway has been shown to activate a number of downstream effectors that act on enhancing expression of the ribosomal translation machinery, as well as increasing activity of activators and enzyme systems in the processes governing protein translation as well as immune function. Furthermore, this system is linked to inhibiting processes Forkhead box O1 (Foxo1-Atrogin-1 MAFbx system) governing the catabolic processes of protein degradation (29, 32, 43) . There are several other signaling pathways that have been dissected and worthy of being mentioned, but lack of space prevents such a dialogue in this brief review.
In the context of the above topics concerning signaling for metabolic regulation and the regulation of anabolic pathways for controlling muscle mass, a perspective has evolved suggesting that if the signaling pathway for metabolic control is activated, the pathway(s) for anabolic outcomes is down regulated and vice versa (2, 12) . This incompatibility seems counterintuitive to some degree because many athletes train for enhanced functional capacity for both properties. Clearly, research in the future is needed to address this important topic.
Muscle as an Endocrine Organ System
In recent years, Pedersen et al. (37) coined the term myokine for any factor apparently expressed/synthesized in skeletal muscle in response to physical activity, which in turn can act either locally or released into the blood to regulate function in other tissues. Three myokines have been identified and partially characterized. Interleukin (IL)Y6 seems to act both locally on carbohydrate metabolism and distally on hormone activity in the pancreas/liver and in lypolysis in adipose tissue. IL-8 acts locally and may play a key role on angiogenic processes. IL-15, which is released during resistance exercise (40), seems to regulate anabolic processes in skeletal muscle. Interestingly, individuals expressing certain single nucleotide polymorphism in the IL-15 receptor-alpha demonstrated more muscle hypertrophy than other subjects in response to resistance exercise training (40) . These collective observations illustrate that this emerging field is ready to explode and will have a major impact on how we view the role of skeletal muscle in terms of being a regulator of function in other organ systems (Figure) .
The Dynamics of Connective Tissue and Bone Adaptation With Exercise
The study of connective tissue in regard to both tendon and the intramuscular connective tissue recently has blossomed to the forefront partly because of the efforts of Mackey et al. (27) . It has been demonstrated that the metabolism, blood flow, and turnover of collagen in connective tissue is rapid and that regulatory factors are up regulated in relation to exercise (IGF-1, transforming growth factor (TGF-beta, IL-6)). By use of microdialysis and stable isotopes, ultrasonography, and atomic force microscopy, these various approaches have made it possible to determine the structure and function of this dynamic tissue along with examining the Figure. Two parallel tracts of research focus in exercise science: 1) genomics and gene regulation, and 2) basic biochemistry and physiology. These priorities should move synergistically with one another to ensure that integrated function across several organ systems will unfold to derive the important outcomes of fitness, reduced disease potential, and longevity. The rationale for this scheme is depicted in the text material. adaptive regulation in response to various activity paradigms. The consensus of these findings is that the connective tissue infrastructure responds to exercise stimuli as rapidly as the myofiber complex.
With regard to physical activity and the anabolic responses of bone, it seems that the response varies among different skeletal elements and across different regions of the same bone according to the recent findings of Hamrick et al. (15) . Their findings on treadmill running mice for only 30 minId j1 suggest that the osteogenic responses of cortical bone to exercise varies significantly along the length of a bone, and more distal regions seem most likely to exhibit morphological changes when loading conditions are altered. The mechanisms for this heterogeneity have not been elucidated.
On the front of genetic and environmental factors contributing to bone mass, Suuriniemi and coworkers (45) investigated the role of PvuII polymorphism in the estrogen receptor (ER)Yalpha gene concerning the activity profiles on 245 prepubertal and early pubertal girls, given that impairment of bone mass at puberty is an important risk factor for osteoporosis in later life. Their findings suggest that the PvuII polymorphism in the ER-alpha gene may modulate the effect of exercise on bone mineral density at loaded sites. The heterozygotes seem to benefit most from the exercise effect; whereas, neither of the homozygote groups received any significant improvement from physical activity. The findings further suggest that physical activity may hide the genetic effect on bone; for example, one may compensate one's less favorable Pp genotype by increasing physical activity at early puberty. It would be interesting to determine in future research whether these exercise-induced effects are occurring via epigenetic reprogramming.
The Role of Progenitor (Satellite) Cells in Muscle Adaptation
Skeletal muscle fibers (cells) are unique in that they are multinucleated and also maintain satellite cell pools in the basal lamina. Whether myonuclear addition from the satellite cell pool is a prerequisite for marked skeletal muscle fiber enlargement to occur in response to loading stimuli is the subject of ongoing inquiries in the muscle biology field. Petrella et al. (38) addressed this topic by using cluster analyses of 66 subjects that underwent a rigorous quadriceps resistance exercise training program. The subjects were subsequently classified after training into three groups of fiber enlargement: 1) extreme responders, 2) moderate responders, and 3) nonresponders. Extreme responders had more nuclei per fiber before training and showed the greatest level of satellite cell expansion and incorporation into the enlarged myofibers as compared with both the moderate and non responders. These observations provide strong evidence that myonuclear proliferation/differentiation is a prerequisite for load-induced fiber enlargement in human muscle. These findings on human muscle essentially corroborate previous studies on rodent skeletal muscle that were overloaded for long duration after irradiation to prevent satellite cell proliferation/differentiation. In that study, irradiation prevented the marked hypertrophy that was observed in nonirradiated muscle as well as the incorporation of satellite cells in the muscle's nuclear domain (1) . Moreover, there is additional evidence that injury repair processes also are dependent on satellite cell proliferation in the repair of injured/ regenerating fibers.
Exercise and Endothelial Cardiovascular Biology
The crucial role played by the endothelium (the lining cells of blood vessels) in cardiovascular biology is becoming increasingly appreciated as endothelial dysfunction seems to have detrimental consequences and long-term effects. For example, endothelial injury has been implicated in atherosclerosis, thrombosis, and hypertension. During the last 10 yr, it has become evident that endothelial progenitor cells (EPCs), released from bone marrow, may play an important role in maintaining an intact endothelial cell layer (33) . Earlier reports from animal experiments suggest that circulating EPCs bind to the activated dysfunctional epithelium via specific receptors and reconstitute the endothelial cell layer by secretion of mediators of proliferation (39) . Recent research also suggests that acute exercise stimulates release of EPCs in steady-state strenuous exercise along with other regulatory factors such as VEGF and IL-6. Additionally, reports by Brehm et al. (9) provide strong evidence that physical activity predisposes the mobilization and enhanced functional activity of circulating progenitor cells that may lead to improved cardiovascular function in patients with recently acquired myocardial infarct. Finally, Witkowski et al. (48) report that chronic long-duration exercise training in aging male subjects demonstrated greater hyperemic forearm blood flow compared with less active subjects, although the EPC counts were not different between the two groups. Additionally, detraining of the active subjects resulted in both a large decrease in reactive forearm blood flow and circulating EPCs and VEGF receptor number. These alterations were correlated to changes in antioxidant capacity. These collective findings clearly point to the important role that exercise plays in maintaining the homeostasis of the vascular endothelial system and the dynamic nature of its response to inactivity.
Epidemiological Studies on Physical Activity and Longevity
In the last decade, there have been many articles published pointing to the positive impact that physical activity plays in the evolution of several degenerative diseases such as cardiovascular dysfunction, diabetes, metabolic syndrome, and osteoporosis to name a few. In fact, studies show that physical exercise is ''more protective'' than might be predicted on exercise-induced changes in risk factors (23) . However, the critical question is whether exercise plays a positive role in extending one's life span. In 2001, Blair and colleagues (5) set the tone by trying to sort out whether it was physical activity per se or the level of fitness that contributed to health benefits leading to longevity because both were linked to reducing morbidity from coronary heart disease, stroke, cardiovascular disease, certain types of cancer, and all-cause mortality. It was recommended that future studies define more precisely the shape of the dose-response gradient across activity and the level of fitness groups with a primary focus on musculoskeletal fitness relative to additional health outcomes. Although ongoing research suggests that activity level is an important contributor to longevity for both male and female subjects, only recently did new insight occur on this important topic by focusing more on elite athletes. Recently, Teramonto and Bungum (46) analyzed mortality and longevity of elite athletes using a variety of standardized tests. Their findings show that elite endurance (aerobic) athletes and mixed-sport (aerobic and anaerobic) athletes survive longer than the general population, as indicated by lower mortality and higher longevity. Furthermore, the results point to lower cardiovascular disease as the primary factor for these lower mortality rates. On the other hand, there are inconsistent results among studies on power (anaerobic) athletes. Thus, there is some truth to the term survival of the fittest.
To put this important issue into a broader perspective, Fraser and Shavlik (13) studied 34,192 California SeventhDay Adventists and found that this subject pool has higher life expectancy than other white Californians by approximately 7.28 yr, giving them the highest expectancy of any formally described population. Additional analyses attributed this life extension to diet (leaning toward more vegetarian), exercise, lower body mass index, less dependency on hormone replacement, and lack of smoking. It might turn out that, in the long run, it is the behavioral choices that individuals make that contribute to one's longevity.
Biomedical Informatics
Biomedical informatics (BMI) is an expanding field that is playing an ever growing role in health care and biomedical research. BMI now encompasses subdisciplines such as bioinformatics, imaging informatics, clinical informatics, and public health informatics (14) . Indeed, electronic medical record systems and numerous National Institutes of Health (NIH) initiatives like the Clinical Translational Science Award place a heavy emphasis on biomedical informatics. A fundamental component of biomedical informatics is the so-called ontology, which provides a controlled vocabulary and set of terminologies that can be used to model a domain of knowledge or discourse. Currently, an exercise/physical activity/physical inactivity specific ontology does not exist. Consequently, it is our recommendation that recognized organizations in the field of exercise science like the American College of Sports Medicine take the lead in developing ontologies that will play an essential role in accelerating breakthroughs in the field of exercise science.
MOVING FORWARD ON TWO PATHS Building on a Solid Foundation
With the topics covered above, it is clear that research initiatives in the last decade were focused heavily on gene discovery and gene expression, along with their manipulation and regulation. These new areas of study were enhanced further by the emergence of the epigenetic field. New technologies blossomed and became commonly available such that it became easier to perform molecular/biochemical analyses via kits purchased off the shelf from a large variety of vendors (which, in turn, generated a lot of junk mail).
Furthermore, a wide variety of high throughput analyses systems became available in many areas in the biological sciences to include genomics, proteomics, and epigenetics. These, in turn, generated a ''mountain'' of data that required advances in the bioinformatics field to design software for better analyses and integration of the large volume of data being generated. Thus, it is safe to say that the research centered around ''gene expression and function'' will only get bigger and better as more information is generated and integrated in different fields, including the exercise sciences. However, is this path the only way to go?
Back to the Future: The Essence of Fundamental Biochemistry
In a recent opinion/OP-ED article in the New York Times (www.nytimes.com/2009/08/06/opinion/06watson.html?_r=1) Nobel Laureate, James D. Watson, provided a deep rooted perspective on the topic: ''To Fight Cancer, Know the Enemy.'' Watson opined that over the years since 1971, the NIH National Cancer Institute squandered the assault on fighting cancer by putting more resources into comprehensive cancer centers rather than putting needed money into basic cancer research. Although the death rates for cancer have dropped over time, the cure for cancer is nowhere on the horizon.
Watson points out that a comprehensive overview of how cancer biology works did not begin to emerge until about 2000, with more extensive details about specific cancers beginning to pour forth only after the completion of the Human Genome Project in 2003. At present, although there are promising drugs in the pipeline, these ''powerful attackers'' may not be effective for every case and for a life long cure. Watson postulates that the time has come to turn the focus away from decoding the genetic instructions behind cancer and to a greater degree toward understanding the ''chemical reactions within cancer cells.'' This concept is based on the long-standing discoveries of biochemists that cancer cells, to grow and replicate, are almost exclusively dependent on the metabolic processes of carbohydrate metabolism, which ''overdrive'' reactions that lead to increased glucose transportation into these rapid growing cells to fuel the signaling driving proliferation differentiation processes. Thus, Watson argues the need to return to performing studies on the biochemistry of cells to ascertain the function and mechanisms of gene products. In the authors' view, there are potential lessons learned from the Watson opinion piece that can be translated to the exercise sciences in dealing with a number of degenerative diseases and health epidemics.
For example, we are well aware of the critical problems associated with obesity, which seems to keep growing despite a lot of attention by the science community. Perhaps it is time to get back to basics. This is illustrated by the unique studies recently published by Huber et al. (22) . They have made the unique observation that by undernourishing (caloric restriction) pregnant rats, the development of the fetus is imprinted with a biochemical footprint favoring the economy of energy balance. After birth, the animals grow normally in the neonatal state, but as they proceed into adulthood, they become obese, although they do not consume more food than their normal sibling counterparts. Also, these animals prefer exercise relative to food intake if presented with the choice, and exercise proves to be useful in preventing the development of obesity in this model. Furthermore, the biochemical cascade of this process is much different in its biochemical mechanism as compared with normal animal littermates that were fed high fat diets and also became obese.
To put these above findings into a human context, in a report by Kyle and Pichard (24) involving the Dutch famine of 1944Y1945, prenatal famine due to marked food reduction in pregnant mothers resulted in significant alterations in physiological homeostasis of the offspring. These included increases in impaired glucose tolerance, obesity, coronary heart disease, atherogenic lipid profiles, antisocial personality, and other related disorders. These unique findings point to the importance of using modern tools to dissect the signaling processes and the biochemical framework for understanding obesity and other disorders in different types of animal models and potentially in humans with different prenatal, neonatal developmental, genetic, and epigenetic imprints. Furthermore, the above phenomena raises important questions for maternal fetal programming of exercise effects; for example, will physically active mothers have more physically active offspring? Or will such offspring have some protection against inactivity-related disorders?
In the Figure, we present a conceptual framework of integrating the physiology/biochemistry with genomic data as an approach for better interpretation of data in exercise physiology and potential outcomes.
Some Key Themes Driving the Exercise Science Field in the Future
The following topics listed below were provided by investigators who responded to the inquiry. They are by no means the end-all of where the science should be heading. & Exercise mimetics: the controversial article of Narker et al. (34) has sparked keen interest into whether there are a wide range of pharmacological agents (exercise pills) that can activate certain pathways linked to enhancing running capacity and/or muscle growth. The key question is whether exercise stimuli are essential requirements to enhancing physical fitness and improved metabolic outcomes. See the reviews of Booth and Laye (7) on this controversial topic as well as the article by Hawley and Holloszy (17) , the latter of which puts exercise mimetics in proper perspective.
& Studies are already unfolding to search for large numbers of single nucleotide polymorphisms and invariant genomic probes to unlock genomic variation contributing to fitness, performance, and trainability. These probing breakthroughs are made possible by both human and mouse genotyping arrays generated by collaborations between Jackson Laboratories and Affymetrix (note that the authors have no financial conflicts of interest on these technology advancements).
& Reactive oxygen species: the focus will be to understand the underlying biology of these species, including their role in regulating muscle mass under different impacting loading state and as signaling molecules for organelle, organ, and organismal adaptations. the real bottomline to exercise research endeavors.
In the context of the above topics, it is important to note that several of the previous possible future research topics may involve epigenetic research to answer some critical questions that could not be solved with basic genomic approaches.
BUDGET TRENDS: ARE THE NECESSARY RESOURCES AVAILABLE TO COMPLETE THE MISSION?VNOT
In 2000, the NIH's operational budget was $22 billion (B). It increased further to $30 B by 2003 as part of the ''budget doubling package'' initiated previously by Congress in the late 1990s. From that point on to the present time, the budget has remained flat; and with corrections for inflation, the actual operating dollars has steadily fallen in excess of 10%. This budget profile has had a marked negative effect on NIH funding for investigator initiated R0 types of grant applications. In some of the NIH institutes, the pay line percentages are approaching single digits.
In 2009, the Obama administration, as part of the stimulation package initiative, infused $8.4 B into the NIH budget for scientific priorities in the form of Challenge Grants in Health Science Research (these grants are supposed to provide 2 yr of funding but with no opportunity for renewal). Also, in many of the NIH institutes, there was an infusion of money into the typical R01 type of grant, which has the potential to elevate transiently the funding level for a short period (2009 and 2010) . Presently, as this article is being written, there is no assurance that the funding profile will be enhanced to a higher steady-state level in real dollars beyond the 2010 budget. Also, to the authors' knowledge, with so many applications being submitted in the Challenge Grant initiative (È20,000), it is highly unlikely that many individuals in the exercise sciences field benefited from the stimulus package initiative. This is punctuated by the fact that the pay line for most of the grants was in the second to third percentile! Thus, unless there is a dedicated stimulus to the NIH budget down the road that provides a continuous increase in the operational budget that exceeds the cost of inflation with a primary target toward R0 grant applications, the authors are pessimistic concerning the potential of enhancing the research mission well beyond that which has occurred up until the present time.
SUMMARY
From our perspective, investigators working in the field of exercise science and its related fields have made outstanding strides on many fronts as illustrated by the examples delineated in this perspective. This occurred despite funding limitations during the latter half of this decade. Despite this funding fiasco, there is an amazing database and an assortment of state-of-the-art technologies, analytical tools, and sets of resources that posture the community for bigger and better things to come. However, unless appropriate stimulating packages and stable budget profiles return to viable levels, 10 yr from now, the report card or progress report will not reach its true potential.
